The pressure field within the near field periphery of a small scale rotor blade is investigated by means of classical statistical analysis techniques and proper orthogonal decomposition. The signatures are acquired using a circular arc array of dynamic pressure transducers, centered on the rotor tip at a distance of 1.5 chord lengths and below the tip path plane. The rotor is set to collective pitch angles ranging from 0 • to 12 • and is operated at 35Hz and 25Hz rotor speeds under hover conditions. Each blade from this two bladed rotor is investigated independently in order to isolate pressure signal differences existing between the blades. The results show that while the average inter-blade signatures are relatively constant, the variance of the fluctuations possess noticeably different amplitudes. Given the scale of the rotor, these differences are attributed to the surface roughness effects. A low-dimensional analysis reveals that the first few most energetic modes produced by each blade are relatively consistent in shape and so concerns about differences between the signatures produced by each blade are contracted. Two important features about the near-field signatures are then revealed. The first is a low frequency, low wave-number type oscillation and is observed in all microphone signals positioned between the tip path plane and 75 • below. The second signature however comprises a high frequency, high wave-number signature that manifests itself at shallow angles relative to the tip path plane of the rotor. The latter of these is believed to be the associated with the radiating component of the pressure field produced by interactions of the rotor blade with the tip-vortex. A low-dimensional reconstruction of the raw pressure signal illustrates how each of these signatures contribute independently to the original raw signal.
I. Introduction
Improving the performance of next generation helicopter blades over a broad range of flight conditions is an extremely challenging task due to the aeroelastic coupling of the deforming blade with an unsteady three-dimensional flow and a vortex dominated wake. Relative to fixed wing aircraft, the coupling mechanisms become enhanced due to the long, slender shape of the rotor blades. Likewise, the aeroacoustic performance is of immense interest in both civilian and military contexts and so the problem remains an important and timely topic of scientific and engineering interest. In an effort to circumvent these issues, an experimental campaign aimed at performing a comprehensive series of measurements on a model rotor in hover, forward flight, and descent using a variety of instruments (velocity, near-field pressure, far-field acoustics, hub loads, blade deformation) is currently underway at The University of Texas at Austin. An objective of this large effort is to characterize the unsteady coupling between the tip vortex and the rotor blade, as it is known to cause unsteady hub loads, premature airfoil separation, retreating blade stall and to produce acoustically efficient sources of sound.
It is known that noise from rotorcraft can be broken into two primary components: (1) steady state noise, predominantly attributed to thickness noise, and (2) impulsive noise which encompasses both Blade Vortex Interactions (BVI) and High Speed Impulsive Noise (HSI). Where BVI noise is concerned, several attempts have been made to alleviate the acoustic signatures produced by these conditions. In particular, Yu (2000) overviewed a number of initiatives including individual blade control, higher harmonic pitch control, and modified blade tip geometries. 1 Meanwhile Conlisk (1997) 2 evaluated the development of numerical methods used to model the entire rotor aerodynamic field, from basic principles to three-dimensional Navier Stokes models. With the advent of multi core processors and other large computing networks, these models are becoming more refined and more accurate in their predictions thus allowing for more complicated geometries under full scale conditions to be studied. However, given the extensive work that has been conducted to reduce the noise generated from rotorcraft, many outstanding problems still persist. As for helicopter impulsive noise, experimental and numerical work has been conducted and the the interested reader should review the work of Schmitz and Yu (1986) . 3 In what follows, a brief overview of these acoustic mechanisms will be discussed.
High speed impulsive noise is caused by compressibility effects during high speed forward flight and is most prominent when the blade tip Mach number exceeds the delocalization Mach number. This delocalization Mach number denotes the Mach condition under which the local shock wave is no longer contained and so it propagates to the far field acoustic region. The noise pulse shape also changes at this condition from a smooth triangular shape, to a more harsh and pronounced saw tooth shape as discussed by Schmitz and Yu. 3 The directivity of HSI is known to be located forward (Ψ ≈ 150 • -210 • ) and in the rotor plane (≈ 0 • -30 • ) as shown in Schmitz and Yu; 3 where Ψ is the rotor tip path plane defined in figure 2b. Due to the location of the cockpit relative to the propagation direction of HSI noise, pilots are unaware of its signature during forward flight and so HSI noise poses a significant military detection risk.
As for BVI, this phenomena arises when a previously generated tip vortex interacts with the local inflow along the span of a blade. This occurs when a rotorcraft preforms a maneuver which takes the craft's blades directly through their previously generated wake. BVI, therefore, is typically associated with descent conditions and is most prominent when the vortex is aligned parallel with the blade while possessing a minimum miss distance between it's core and the blade surface. BVI noise, in contrast to HSI noise, has a directivity pattern forward (Ψ ≈ 110 • -250 • ) and significantly underneath (≈ 0 • -45 • ) the rotor plane as shown in Schmitz and Yu; 3 making pilots acutely aware of the noise propagation. With civilian communities ever expanding and encroaching on existing heliports, coupled with the rise of helicopter use in general, attention to this problem is of growing importance.
Thickness noise is another acoustic phenomena that rotorcraft exhibit and is caused by the blade displacing fluid as it moves through its rotation and is typically the dominant noise source in subsonic level flight. Thickness noise is a broadband noise source characterized by the general shape of the pressure distribution across a blade, while HSI and BVI superimpose deviations on that shape. A numerical model developed by Dahan and Gratieux (1981) 4 was used to predict thickness noise and provided experimental verification of their predictions. Significant simplifications were made limiting their acceptable data envelope, including a perfectly reflective ground surface and the use of lifting line theory to predict aerodynamic loads.
In the current experimental investigation, the low Reynold's number (Re) near-field pressure signatures produced by a model-scale rotor in hover are explored at various collective pitch angles and rotation speeds with the express interest in developing a physical intuition for the hydrodynamic signatures at the blade tip. Low Reynold's number rotor acoustics is relatively unexplored with respect to the vast body of literature for full scale Re conditions, and has specific implications on micro-helicopter type surveillance missions. The near-field periphery of a passing blade is unique in that it contains both acoustic and hydrodynamic signatures. The former of these propagates to the far field while the latter corresponds to relatively local information concerning the vortices formed at the tip of the blade and of the other unsteady aerodynamic effects that are induced. This study sets the stage for future investigations and is part of a larger effort at the University of Texas at Austin to characterize the entire rotorcraft flight envelop. In doing so, the prominent dynamical modes responsible for BVI, HSI, hub loads, retreating blade stall, etc. that exist in the rotorcraft flight envelope will be uncovered.
II. Experimental Arrangement

A. Test Facility Characteristics
All measurements reported in this paper were acquired in one of three new experimental facilities in the Aerospace Engineering and Engineering Mechanics Department at The University of Texas Austin. The first of these three facilities is located on the main campus and is designed to accommodate the testing of small-scale rotor systems whereas the second facility is located at the J.J. Pickle Research Campus and encompasses a large scale whirl tower. The whirl tower is currently under construction and is on schedule to be completed by the summer of 2010. As for the third facility, a new fully anechoic chamber and open test section / open circuit wind tunnel is being constructed and is also on schedule to be completed by the end of the 2010 summer. This third facility will be capable of providing the necessary acoustic and flow conditions required to study forward and descent flight up to an advance ratio (µ) of 0.3 and a blade tip Mach number of 0.65. The whirl tower and anechoic wind tunnel facilities will be used at a later date to study HSI and BVI noise, retreating blade stall and other phenomena associated with rotorcraft. The measurements reported here for discussion were acquired in the small scale rotor testing facility, the details of which are now described.
The principle item located in the small-scale rotor testing laboratory is the sting mounted rotor test stand shown in figure 1a . This stand comprises a 1250W (max) electric motor and a 6 degree-of-freedom fixed-frame balance for hub loads to be measured while operating the rotor. A 1/rev magnetic hall sensor is fixed to the side of the motor and allows the angular position of the rotor to be phase aligned with other instruments in the lab. Power is provided by a Sorensen DCS40-75E programmable DC power supply capable of outputting 40V at 75A. The shaft on top of the motor is designed to support numerous hub configurations.
Signal conditioning and digitization of laboratory transducers is performed by a National Instruments PXI-1042Q system embedded with an eight channel PXI-4472 dynamic signal acquisition board. The PXI -Q chassis has a low 43dBA acoustic emission and can scan all available channels simultaneously at a rate of 102.4 kS/s with 24 bit resolution. Each channel is equipped with its own antialiasing filter and is capable of providing the IEPE conditioned power required to operate prepolarized constant current transducers. For studies involving measurements of near-field and/or far-field acoustics, four IEPE powered, Larson Davis 1/4inch free-field condenser microphones (model 377B10) with matching preamplifiers (model 426B03) are used. Specific details about the microphones include a frequency response range of 4Hz to 100kHz with ±1dB error up to 20kHz and a dynamic range up to 140dB (ref 20µPa).
B. Experimental Conditions
The experiment was designed specifically to investigate the near-field pressure signatures of a two-bladed small-scale rotor in hover. The small-scale rotor testing facility where these near-field pressure measurements were performed is acoustically untreated. Since measurements are acquired within the near-field region of the blade, the microphone signal is completely saturated by hydrodynamic effects and propagating acoustics; and so, acoustic reflections from surrounding surfaces are believed to be inconsequential. Given the proximity of the microphones to the motor however, the motor was acoustically treated by surrounding it with a noise dampening cap. An illustration of the microphone array relative to the blade tip is shown in figure 1b and c from a preliminary series of measurements focused on characterizing the near-field pressure above and below the tip path plane. The blades selected for the study comprised NACA 0013 profiles with constant chord lengths (c) of 2.54cm (1in) and were fabricated entirely from carbon fiber. Each blade had tapered tips and a 5% blunt trailing edge as is shown in figure 2a . A rigid hub with both lead-lag and feathering hinges was mounted (direct drive) to the motor shaft. Thus, the lack of a pitching hinge allowed aeroelastic blade flapping phenomena to be isolated. The diameter of the entire assembly including blades, rotor hub and blade grips was measured to be 58.42cm (23in) resulting in a solidity of 0.06. As part of a separate series of measurements using a Digital Image Correlation (DIC) system to study the blade's deflection, the underside of each blade was treated with a speckle pattern, as is shown in figure 2a . It is believed that subtle variations in the data shown later on are attributed to small variations in the surface roughness caused by this white speckle. Likewise, a weight imbalance (0.005%) and surface imperfections between blades was inevitable, given the scale of the blades. These imperfections required each blade to be tracked in order to produce consistent peak pressures for each blade.
The position of the microphones used in the current investigation are shown in figure 2b, along with the coordinate system used for subsequent analysis. The symbols Ψ, r, S, and ξ represent the azimuthal angle, position along the rotating blade, distance from blade tip to microphone along the s coordinate, and the angle of the microphone relative to the tip path plane, respectively. The microphone array was centered about the tip of the blade's leading edge at S/c = 1.5. Four arc positions between ξ = 0 • and ξ = 75 • , with 25 • interval spacing was used. Collective pitch angles (θ ) of 0.1 • , 5.8 • , 9.3 • , and 12.4 • (±0.05 • per blade) were studied and at two rotational frequencies of Ω = 35Hz (2100 RPM ± 2 RPM) and 25Hz (1500 RPM ± 2 RPM). The final root pitch angles of each blade is reported in table 1 where blade 1 is the first passing blade registered by the microphone array immediately following the magnetic hall sensor signal. Given the diameter of the rotor assembly, the rotor tip speed is estimated at 102cm/s (33.5fps, Re c = 17k) and 73cm/s (24.0fps, Re c = 12k). A sampling frequency of 20kHz was selected which captured ∼570 and ∼800 samples per revolution for the 35Hz and 25Hz rotor speeds, respectively. 
Blade 1 Blade 2 Reported
Pitch θ 1 0.0 • 0.2 • 0.1 • θ 2 5.8 • 5.8 • 5.8 • θ 3 8.9 • 9.6 • 9.3 • θ 4 11.9 • 12.9 • 12.4 •
C. Preliminary PIV Measurements
A preliminary set of velocity field measurements were performed using a 3-component LaVision PIV system, oriented to capture a slice through the rotor's slipstream during incremental passes of the NACA 0013 rotor blade at Ω = 30Hz and θ = 7 • . A sample set of this data is shown in figure 3 with the raw camera image (left column) alongside the processed vector map and out-of-plane-component contour (right column). It is particularly interesting to see the spiraling tip vortex connected to the trailing edge wake. It is believed that this trailing edge wake is a consequence of both low Reynolds number effects and the effects induced by the blunt trailing edge. While these conditions differ from the current study using the near-field pressure array, these PIV measurements demonstrate the flow features that are induced by this rotor and the physical similarities to the full scale system, e.g. blade tip vortices, trailing edge wake, shear layer and slip stream. 
III. A statistical description of the near-field pressure
The near-field pressure signatures are analyzed by synchronizing the time series to the 1/rev magnetic pickup. An ensemble average of overlapping partitions is computed (∼570 samples and ∼800 samples per revolution for the 35Hz and 25Hz rotor speeds, respectively); the results of this are shown in subsequent figures 4 and 5 for the mean and variance, respectively.
A. Pressure mean
In figure 4 the averaged pressure signature at each collective pitch condition is depicted, separated by microphone location and further so by rotation rate. The shape of the pressure disturbance at ξ = 0 • and under the θ 2 condition is expected and has been observed throughout the literature as a source-sink summation. 3 A general trend is observed with increasing collective pitch angle (therefore increasing lift), accompanied by increases in pressure on the underside of the blade. This trend is consistent for both rotor speeds and across all microphones. As for the average signature between blades, a significant difference in pressure is manifest (e.g. Ψ = 200 • ) which grows with increasing collective pitch and is directly attributed to the strength of the downwash.
Where inter-blade signatures are concerned, the average pressure fields in the vicinity of blades 1 and 2 are found to be relatively identical in shape and amplitude, with the exception of the microphone located at ξ = 75 • . It is conjectured that the discrepancy seen for the ξ = 75 • position was caused by the differences in surface roughness between blades -a consequence of the DIC speckle pattern described earlier in section II and shown in figure 2a.
A pronounced shoulder at ξ = 50 • and Ψ ≈ 145 • appears on the trailing edge side of the passing blade under the θ 3 condition and is caused by the interaction of the source-sink phenomena with the induced downwash. Overall, the average profiles of the near-field pressure signature observed in figure 4 using this model scale rotor closely resembles the acoustic far-field signatures reported using larger scale and even full scale rotor blades. While the signatures registered by these measurements in the near field resemble those from the far-field acoustic surveys of others, a certain caution is warranted as these signatures are predominantly hydrodynamic. To fully separate the propagating component of this signature from the acoustically inefficient fluctuations, an analysis of the spatial and temporal behavior of these signatures is required. This will be considered at a later date by synchronizing near-field and far-field pressure transducer arrays.
B. Pressure variance
The formation of a vortex at the blade's tip is known to alter the tip path plane of the rotor blade by giving rise to forces acting at the end of the blade. If the trajectory, shape and strength of the developing vortex is unsteady, and the blade non rigid, developing vortices will be altered and an undesirable interaction between the blade and tip vortex can form. This problem is complicated when weight imbalances and surface imperfections exist between blades contributing to the unsteady vortex generation. Nevertheless, trying to understand this phenomenon is difficult and falls under other classical problems that have been debated by theoreticians for centuries: which phenomenon is giving rise to the other?
From the current set of measurements, the pressure field's fluctuating energy is captured by the variance profiles shown in figure 5 . This quantity is measured by fixing the position of the microphones to the ground while the blades are allowed to elastically deflect from the mean tip path plane. Of particular interest is the decreasing variance trend with decreasing ξ seen for all cases where the flow is assumed attached. That is to say, the farther the microphone position is underneath the blade, the higher the signal's variance. The trend also demonstrates that the fluctuations either introduced by the strength of the wingtip vortex or by changes in the position of the blade relative to the microphone has an inter-blade dependency that is more pronounced in the variance than in the mean. The blades at 25Hz rotor speed and collective pitch angles of θ 3 = 9.3 • and θ 4 = 12.4 • are stalled, explaining why their average fluctuating signatures do not match the overall trend. A similar argument is made for the 35 Hz and θ 4 case. An exceptional increase in variance for this test case is seen, however, and requires further investigation to determine its origin.
As for the location of the pressure variance relative to the mean signature, figure 6 shows that the fluctuations, as sensed by this stationary array, grow tremendously along the tip and trailing edges of the blade. Thus, the oncoming flow and the early stages of the tip vortex are smooth. The vortex strength is known to be coupled with the flapping of the blade, and so a varying vortex strength suggests the physical presence of unsteady flapping. To understand this dependence further, synchronized measurements of the near-field pressure with a measure of the blade's deflection will need to be performed. An existing DIC system at The University of Texas at Austin will facilitate this study at a later date. 
IV. POD based low-dimensional analysis
It is known that the pressure intensity in the non-linear hydrodynamic region decays rapidly with increasing distance from its source and that the fluctuating pressure level is a function of source-observer distance. Therefore, while the entire source-sink region from the passing blade contributes to any given near-field observation point, the pressure fluctuations at that near-field point are very strongly determined by the signatures in the flow immediately adjacent to the observer. And so, as the path of each blade deviates from the assumed tip path plane, the distance between the passing blade tip and microphone (S) increases so that the signature of the passing vortex, as sensed by the stationary microphone, decreases. These two conditions combined add to the complexity of the problem, thus making an interpretation of this phenomenon using classical statistical analysis tools relatively difficult.
Another challenge when interpreting pressure signatures in the near field regions of a rotor blade (and unbounded turbulence for that matter) is that signatures of this kind comprise two distinctly different types of mechanisms: a local hydrodynamic component and an acoustic component propagating to the far-field. To fully appreciate this, a sample snap-shot of an instantaneous pressure signal is shown in figure 7a superposed its mean and fluctuating component from the 35Hz and θ 2 condition. For each microphone on the array, a solid black line identifies the instantaneous signal with mean and fluctuating components being discerned by red and blue lines, respectively; contour illustrations are also shown in figure 7b,c,d . By isolating the fluctuating part of the signal, it becomes apparent that the unsteady features of this flow are quite complicated and that developing a physical intuition for them is not a simple task. Some relatively basic observations can be made though. In particular, two distinctly different signatures are present in the fluctuating pressure signal: a low frequency (low wavenumber) oscillation and a high frequency (or high wavenumber) scatter. The former of these is believed to be associated with unsteady interactions between the blade and the tip vortex. In what follows, an attempt will be made to capture this low-frequency unsteady component as it may prove to be an important signature associated with the aeroelastic response of this blade that ultimately induces the hub loads that many have sought to control and diminish.
A further challenge to this problem is that the time series of the near and far-field pressure signatures produced by a rotor blade are complex periodic and so simple Fourier transformations provide no real useful information other than the distribution of its harmonics and subharmonics. In this regard, other statistical analysis tools such as wavelet transforms or Proper Orthogonal Decomposition may be more insightful. In the current assignment, a Proper Orthogonal Decomposition (POD) of these fluctuating near-field pressure signatures is performed using the classical form of Lumley's (1967) technique. Demonstrations of this technique are numerous and the interested reader is referred to the work of others 5, 6, 7 for a more detailed description of its mathematical intricacies. Here the kernel is formed by ensemble averaging time-resolved and statistically stationary measurements of the pressure field
which is then inserted into a linear integral equation of the Fredholm type following the Hilbert-Schmidt theory for symmetric integral kernels:
The solution to this is well known and results in an ordered sequence of eigenvalues λ (n) ≥ λ (n+1) with corresponding eigenfunctions φ (n) (ξ , Ψ), φ (n+1) (ξ , Ψ). In this application, a conscious effort was made to separate the dynamical effects of each blade in order to discern if there were any differences between the two blades based on the eigenvalue convergence and eigenfunction shape. And so, the kernel was constructed using a set of measurements from microphone signals focused on where the variance was most pronounced. For the first and second passing blades, this corresponded to signals between Ψ = 111 • and 174 • , and Ψ = 293 • and 356 • , respectively. By doing this, we have assumed that the fluctuating pressure field at all other locations is insignificant, which appears to be the case according to figure 5. With the pressure field known, the random and time-varying POD coefficients can be computed
whose mean square energies are the eigenvalues themselves: λ (n) = a (n) a (m) δ (n,m) . Finally, the finite number of eigenfunctions are used to reconstruct the original instantaneous pressure,
In this application of the POD technique to a stationary arc array of transducers centered on the tip of a rotor blade in hover, the integrals in (2) and (3) are replaced with a numerical weighting function where dξ = πS∆ξ /180 and dΨ = ΩR/ f s . In figure 8 , the convergence of the relative (solid line) and cumulative (dashed line) energies of the first 50 POD eigenvalues (400 total modes exist for the 35Hz study and 556 for the 25Hz study) are shown for all collective pitch angles and 35Hz (figure 8a) and 25Hz (figure 8b) rotor speeds. The amplitudes of the eigenvalues have been normalized by the total cumulative energy of the system. For each condition, the eigenvalue convergence is displayed for both rotor blades. Except for the θ 2 = 5.8 • case, the energy of the first few spatial modes between the two blades are relatively similar. It is conjectured that the source of the discrepancy at θ 2 = 5.8 • is a consequence of the different trends displayed in figure 5a where σ 2 p increases for blade 1 and decreases for blade 2 with increasing ξ . Furthermore, it is tempting to draw conclusions from figure 8 about the rate of convergence of the eigenvalues and how organized or disorganized the elements of the near pressure field are for a given collective pitch angle and rotor speed. However, given the sparsity of the array in ξ , relative to the integral scales (not calculated) the convergence is surely corrupted by numerical integration errors following the sensitivity study of Tinney (2009). 8 And so, any conclusions on the matter would be simply incorrect. Overall however, we see that a large fraction of the fluctuating pressure field is contained within a small fraction of the POD modes. A further effort was made to decipher whether differences in the inter-blade signatures observed in the statistical variance could have been produced by uniquely different aerodynamic phenomena. This was accomplished by plotting the first few POD eigenfunctions against one another for the first and second passing blades. An illustration of this is shown in figure 9a , b and c for the first and second POD modes (φ (1) and φ (2) ) from the 35Hz and θ 2 condition and the first POD mode (φ (1) ) from the 35Hz and θ 3 condition, respectively. In each figure, the POD eigenfunction from the first and second passing blade's are denoted by solid-black and dashed-red lines, respectively. Likewise, the coordinate for the azimuthal position has been arbitrarily adjusted by Ψ − Ψ • to reflect a common axis separated by 180 • . From these illustrations it appears that the POD eigenfunctions of the first and second blades are relatively identical. To further explore this for all collective pitch angles investigated, both blades phase portraits of the POD eigenfunctions at 35Hz have been plotted against one another and are shown in figure 9d . The presence of only subtle perturbations in amplitude and phase between φ (n) 1 and φ (n) 2 are another testament to the similarities in these signatures. Therefore, regardless of the discrepancies between the variance plots shown in figure 5 , the unsteady component of the blade tip pressure signatures are the same for both blades. This is important in that it suggests that the blade tip vortex and other unsteady aerodynamic phenomena observed in the near-field regions of a rotor blade in hover are weakly influenced by the weight imbalance or surface imperfections between blades.
Where a physical interpretation of these eigenfunctions are concerned, the first POD mode from the 35Hz and θ 2 condition shown in figure 9a possesses both a low-frequency component superposed a high-frequency fluctuation. significant along the tip path plane (0 • ) and slightly below (between 25 • and 50 • ). One might conjecture that this high frequency component is the radiating sound signature produced by the interaction of a tip vortex with the passing blade. The preliminary PIV measurements support this argument, though would have to be explored further for one to be certain of this.
A low-dimensional reconstruction of the raw pressure signatures produced by the second blade is performed by computing the random POD expansion coefficients (3) followed by a reconstruction from (4) using only the first four POD modes. The motive for doing this is to identify the relationship between modes as they superpose to create the original raw signal. This is shown in figure 10a and b for the second and third collective pitch angles. The black and white contours correspond to positive and negative fluctuations, respectively. For the second collective pitch angle in figure 10a , the first two POD modes toggle between one another. That is, for instances when the first POD signature is strong, the second mode is either weak or non-existent, and visa versa. As for the third and fourth POD modes, the significance of these signals to the raw pressure signal is not very clear and may be the consequence of the sparsity of the array. 
V. Conclusion
The near field pressure within the hydrodynamic regions of a small-scale rotor is investigated experimentally during hover conditions where thickness noise is believed to be the prominent source of sound generation. An interpretation of the classical statistics as well as Proper Orthogonal Decomposition is performed.
The classical statistics show a mean pressure trend, where increasing pitch generates increasing peak pressures beneath the blade. A trend in the variance is also observed, in which the variance increased with increasing ξ , for the attached flow cases. There was also a distinct discrepancy in variance between the first and second blade's passage. These between blade discrepancies are typically not expressed in the mean profiles, but a minor mean pressure difference does appear for large ξ . This mean pressure discrepancy is attributed to the blade's DIC speckling.
The first four POD modes is investigated and it is shown that the first and second POD modes toggle between themselves. That is to say, that when mode one's signal is strong, mode two's is weak / negligible and vice-versa. A physical interpretation of the first POD mode is shown to contain a low-frequency component for all ξ , with a high frequency component existing predominantly at shallow ξ angles. This high frequency component is conjectured to be the radiating sound signature produced by the interaction of a tip vortex with the passing blade. Through the use of POD it is also shown that regardless of the discrepancies between the variance plots, the unsteady component of the blade tip pressure signatures are the same for both blades. The benefit of using POD on the near field pressure is that the generated coefficients can later be correlated with far field coefficients to give greater insight into the exact physical mechanisms which produce the far field noise. This correlation would be useful for designing blades that prevent certain modes / instabilities from forming.
Future work will be conducted in the new large scale whirl tower and fully anechoic chamber with accompanying open test section / open circuit wind tunnel. These new facilities will allow the current investigation to be expanded to include far field acoustics, velocity fields, etc. and will be capable of producing conditions simulating the complete range of the rotorcraft envelop (up to µ = 0.3 and a blade tip Mach number of 0.65). Investigations into BVI, HSI, and retreating blade stall will also be conducted as well as control applications for these conditions.
VI. Acknowledgments
